Abstract Gully erosion is one of the greatest natural hazards in the loess areas of E. (Eastern) Poland. At the same time, permanent gullies are a major tourist attraction and can provide a basis for the development of geotourism. The study objective was to assess the possibilities of using the loess gullies for educational purposes. Detailed studies were conducted within the municipality of Kazimierz Dolny, an area with an extremely high concentration of permanent gullies. The questionnaire survey of students and tourists (nearly 300 surveys were completed) showed that the respondents' knowledge of geomorphology was limited, despite their familiarity with gullies. In most cases, they were unable to accurately identify the determinants of gully erosion, its negative effects and methods for preventing it. An assessment of the tourism and geotourism potential of the municipality made it possible to identify the sites (gullies) that can perform an educational function, with regard to gully erosion. The establishment of the Małopolska Vistula Gap Geopark, whose highlights will include numerous loess gullies, can pave the way for the development of geotourism.
silt, and intensive terrain and road network fragmentation (Poesen et al. 2003; Valentin et al. 2005) .
The western part of the Lublin Upland (E. Poland) is typified by the occurrence of a very dense network of gullies, whose density exceeds 20 km/km 2 in some places (Gawrysiak and Harasimiuk 2012) . At the same time, it is an area where gully erosion has been well researched, over the course of many years. The research has focused on: (1) historical gully erosion (Dotterweich et al. 2012) ; (2) the dynamics of contemporary gully erosion processes (Rodzik et al. 2009 ); and (3) the role of gully erosion in land use changes and landscape evolution (Zglobicki and Baran-Zglobicka 2011, 2012) .
More and more often, scientific publications take note of the possibility of using geomorphosites in education concerning natural hazards. Increased knowledge among societies about geomorphological processes and their impact on the economy can contribute to reducing the negative effects of these processes, in the future (Coratza and De Waele 2012) .
One way to prevent the adverse effects of gully erosion is to educate people about the associated hazards through geotourism. Permanent gullies are an archive (the effect) of processes that occurred within loess areas because of human intervention in the past, as a result of deforestation and agricultural activity (Schmitt et al. 2006; Dotterweich et al. 2012) . They constitute a scar on the landscape, but they are also a major tourist attraction in the region. From the perspective of tourists, permanent gullies are currently the most recognisable landforms in the study area Zgłobicki and BaranZgłobicka 2013) . This interest in gullies can be used to expand people's knowledge of the mutual relationship between human activity and gullies. A greater awareness of the hazards associated with geomorphological processes will help to reduce the adverse impact of tourist activity and raise public awareness of the impact of gully erosion on human activity.
The study objective was to assess the possibility of using the loess gullies in the Kazimierz Dolny municipality, as a geotourist attraction that would educate tourists about gully erosion. The area has been chosen for detailed study because it is characterised by a very high density of permanent gullies, in comparison with the rest of Poland and Europe. The research procedure encompassed: (1) a review of the state of student and tourist knowledge about gully erosion; (2) a two-stage assessment of the municipality's tourist and geotourist worth; and (3) identifying the gullies most suitable for education.
Study area

Natural environment
The western part of the Nałęczów Plateau, where the Kazimierz Dolny municipality lies, is typified by the occurrence of a very dense network of permanent gullies (Fig. 1) . It is linked to the peculiar, natural conditions occurring here, such as the thick loess layer (up to 30 m), large elevation differences (particularly in the Vistula river valley area, where they reach 100 m), and a higher frequency of heavy rainfalls (Rodzik et al. 1998) . The annual precipitation volume here is 605 mm. In the case of torrential rains, the precipitation volume can reach a maximum of 100 mm/70 min. The landscape in this area has been significantly shaped by many centuries of human activity, notably the deforestation of extensive tracts of land and their transformation into arable land. Consequently, gullies started to form here as early as the Neolithic/Bronze age; the most intensive processes of gully erosion have occurred over the last 1,000 years (Dotterweich et al. 2012) . In modern times, forests occur almost exclusively in gullies and on steep slopes, because the relatively fertile Luvisols have already been cultivated over a long period.
The municipality of Kazimierz Dolny is visited by large numbers of tourists, thanks to the occurrence of numerous features linked to geoheritage and culture, as well as flora and fauna. Furthermore, the tourism infrastructure is very well developed. A dense network of tourist trails and a large amount of accommodation and catering facilities are present in the area.
Gullies in the western part of the Nałęczów Plateau typically form multi-branched, dendriform systems, where the total length of all gullies can reach 30-40 km. Large individual gullies are usually several hundred metres long. The length of side gullies ranges from a few to a few dozen metres. The average depth of the gullies is between 10 and 20 m; their width is similar. Their cross-section is close to V shaped, and the width of the floor ranges from 2 to 4 m. The gully sides are steep (30°-40°) or even vertical, in some places. The floor is uneven in the upper reaches of the gullies and in the side gullies. Numerous steps and sinkholes occur here, and the slope of the floor is greater than in the middle and lower reaches of the gullies. The largest gullies dissect the loess cover, and their floors reveal underlying rocks; sand, clay, limestone, and opoka. Most forms have the characteristics of semi-natural valley gullies incised into the bottoms of older forms; dry erosion/denudation valleys and denudation troughs. Gullies incised into valley sides occur more rarely. The origins of such gullies are usually linked to the functioning of roads (sunken lanes). The largest forms are straight, 6-8 m deep, and have a rectangular cross-section.
Gully erosion as a natural hazard
Permanent gullies cover 8 % of the Kazimierz Dolny municipality, which results in the exclusion of at least 10 % of the area from agricultural use. The existence of gullies hinders access to fields and is not conducive to land consolidation processes (BaranZgłobicka and Zgłobicki 2012) . Most gullies are no longer active, even though for 20 % of their length there is a risk of erosion processes being reactivated, due to the agricultural use of areas immediately adjacent to the gully edges.
The most intensive gully erosion processes occur during torrential rainfall (rain intensity more than 1 mm/min.) when arable fields and gully floors are subjected to strong erosion. The eroded material amounts to several thousand tonnes per square kilometre of a gully catchment (Maruszczak 1986 ). Intensive snow melt in the spring and heavy rainfall (rain intensity B1 mm/min) in the summer occur more often, but their geomorphological significance is smaller (Rodzik et al. 1998; Gardziel et al. 2006) .
Intensive gully erosion processes pose a serious hazard to infrastructure, particularly to dirt roads, that can become partially or totally impassable. Erosion causes large amounts of material to be transported to the floors of valleys of a higher order, where metalled roads are usually built. As a result, these roads are covered with silt and, in extreme cases, are also rendered impassable. Alluvial fans that suddenly accumulate at the mouths of gullies also become a major obstacle to the flow of episodic waters and proper drainage of roads. As human settlements are concentrated in the valley floor, farms and urban areas (Kazimierz Dolny) are also covered with silt (Gardziel et al. 2006) .
It should be stressed that the contemporary dynamics of gully erosion is determined, to a very large extent, by the character of agricultural activity. The intensity of erosion processes is impacted by the type of land use in gully catchments, i.e. land cover and field patterns. A large share of arable land and plantations in a catchment, as well as the perpendicular orientation of plots to the gully edge, is conducive to episodic run-off and gully erosion (Rodzik et al. 2009 ).
Methods
In order to examine the level of knowledge on gully erosion and its associated hazards, a questionnaire survey was carried out among the students of the UMCS Faculty of Earth Sciences and Spatial Management. In the future, some of the respondents may become experts who will influence the prevention of the adverse effects of gully erosion. The student questionnaire contained 13 questions (Appendix 1). An online survey was also conducted among tourists, in order to find out what the public thinks of gullies. The request to complete the survey was posted to the following newsgroups 'pl.rec.rowery', 'pl.rec.-gory', and 'pl.regionalne'. The online survey was shorter and simpler; containing ten questions (Appendix 2).
The selected features of the tourism potential of the Kazimierz Dolny municipality were also assessed based on the following criteria: gully density, elevation differences, land cover mosaic, road network, tourist trails, and educational paths ( Table 1 ). The criteria above have an impact on attractiveness to tourists and accessibility to the study area. Computations were carried out for hexagons covering 1 km 2 . The assessment was conducted using layers (maps) containing data related to the criteria mentioned above. The source data were obtained from 1:10,000 topographical maps (gullies, roads), a digital terrain model (elevation differences), Corine Land Cover (land cover mosaic), and tourist maps (tourist trails and educational paths). In all cases, a greater index value resulted in a higher number of points being scored (Table 1) .
We also used source data obtained for the purposes of another study assessing the geotourist value of geomorphosites (Warowna et al. 2014) . The assessment took into account 18 criteria, making up five groups of values: scientific, educational, functional, environmental protection, and tourist values ( Table 2 ). The data used in the study concerned the values for 15 gullies located in the Kazimierz Dolny municipality, having the status of geosites and listed in Poland's Central Register of Geosites.
Results
Questionnaire survey
A total of 284 questionnaires were collected, including 228 completed by students attending four different courses of study: geography (27 % of the questionnaires); geoinformatics (22 %); spatial management (31 %); and tourism and recreation (20 %). A greater proportion of the students surveyed were women (58 %) while men were a clear majority among the tourists (73 %). Differences also occurred with regard to place of residence. Tourists who responded to the survey mostly came from large towns (70 %) while 47 % of the students surveyed came from rural areas. The term ''loess gully'' was known to 86 % of students and 63 % of tourists. The students visited the gullies more often than the tourists. 54 and 44 %, respectively, of respondents said they had visited a gully more than three times in their life. Responses relating to the characteristic features of gullies were similar for both groups: (1) steep slopes (29 % of students and 24 % of tourists); (2) narrow floor (16 % of students and 19 % of tourists); (3) dry floor (17 % of students and 15 % of tourists); and (4) covered by forest (14 % of both students and tourists). As many as 8 % of tourists, compared to a mere 1 % of students, indicated that gullies are used agriculturally.
Respondents considered that human impact on the formation of gullies is moderate (48 % of students) or small (35 % of tourists). The answer, ''I do not know'' was also frequent (19 % of students and 27 % of tourists). (2015) 79:S159-S181 Asked to indicate areas in Poland with the highest concentration of gullies, most of the tourists mentioned uplands (47 %) and the Beskidy Mountains (24 %). The students, on the other hand, indicated the Kazimierz Dolny area as having the highest concentration of gullies in the Lublin region (80 %). Only 7 % mentioned the Szczebrzeszyn area, where the gully density is actually similar to that of Kazimierz Dolny.
Asked to name a process leading to the formation of gullies, students mentioned episodic run-off in forest areas (44 %), the activity of rivers (21 %), and episodic run-off in agricultural areas (18 %). With regards to the most significant factors influencing the formation of gullies, students mentioned the type of soil and substratum (54 % of answers, score 4 and 5), annual precipitation volume (46 %), and land relief (41 %). The abovementioned question was absent in the questionnaire for tourists.
Most of the students and tourists were unable to assess the significance of gully erosion to human activity. 41 % of students and 44 % of tourists replied, ''I do not know''. The negative aspect of the existence of gullies was indicated by 33 % of students and 24 % of tourists, while the positive aspect was indicated by 15 and 9 %, respectively.
Students mentioned the reduced acreage of fields (32 %) and silting up of roads, farms, and fields (31 %) as the most negative effects of gully erosion. Deforestation and use of gullies as dirt roads were indicated as the key factors increasing the intensity of gully erosion. This answer was given by 28 and 22 % of respondents, respectively. According to respondents (51 % of students and 63 % of tourists), the reforestation of the gullies and adjoining areas is the best method to prevent gully erosion. Quite frequently, students also mentioned an appropriate field and crop pattern in the neighbourhood of gullies (29 %). 87 % of students and 72 % of tourists regarded gullies as a tourist attraction. From the perspective of the tourist function, the following key characteristics of gullies were indicated: gullies are a good place for walks and they feature varied, natural landscapes.
Nearly, half of the tourists surveyed had not visited the Kazimierz Dolny area over the past 5 years. Among students, most respondents had visited the area for tourist purposes, once or twice. In both groups, the proportion of persons who had been here more than five times was similar (12-13 %).
Tourism and geotourism assessment
The results of the tourism assessment of the municipality made it possible to identify areas of high tourism value (gully density, elevation differences and land cover mosaic) and accessibility (road and tourist trail network). These areas are located in the lower reaches of the Grodarz catchment, the lower reaches of the Bystra catchment, and the northern part of the municipality (Fig. 2) . They primarily include the steep sides of river valleys, within which the assessed indicators reached a high level.
The following gullies in the Kazimierz Dolny municipality show the highest geotourism value: (a) Kamienny Dół; (b) Korzeniowy Dół; (c) Parchatka; (d) Doły Podmularskie; (e) Norowy Dół, and; and (f) Chałajowy Dół. All of them are characterised by high scientific value, including numerous scientific publications, and usually easy access. Some of the gullies have a limited educational value, due to the lack of interpretation boards explaining their geoheritage value (Table 3 ).
Accessibility of gullies to tourists
Although gullies are a landmark of the Kazimierz Dolny municipality, they are accessible and used for tourism purposes only to a limited extent. While the length of the gullies here amounts to 343 km (Table 4) , slightly less than a quarter (79 km) are accessible to tourists (i.e. used as roads). Accessibility of the gullies is determined by natural conditions (morphology, vegetation, hydrography) and the historical pattern of roads and paths that often run through the bottoms of gullies, helping local people move between their homesteads in the valleys and the arable fields located on the vast and fertile loess plateau tops.
Sunken lanes are the most accessible, as they allow both pedestrian and vehicle transport. Semi-natural gullies are typified by a greater variation of tourist accessibility, determined by a variety of natural environment characteristics even within a single gully system. Therefore, pedestrian trails can usually be found in these gullies .
Hiking and bicycle trails have been established along approximately 23 km of gullies (Table 4) , which accounts for a little more than a third of all accessible gullies. They are usually part of long-range tourist trails, including supra-regional trails. Furthermore, some gullies or some stretches of gullies are part of educational paths that present the region's geological, biotic, and cultural values alongside subjects related to gully erosion.
Proposed geotourist trails in the Kazimierz Dolny municipality
Although several educational paths have been designated in the Kazimierz Dolny municipality, none of them has the character of a geotourist trail presenting the problems of gully erosion. The existing extensive scientific documentation on a range of gully-related issues can provide the basis for establishing a geoeducational trail presenting gully erosion Fig. 2 Results of the tourism assessment for the Kazimierz Dolny municipality and location of gully systems proposed for development of geotourism. 1-low value, 2-moderate value, 3-high value, a Korzeniowy Dół-Doły Podmularskie, b Chałajowy Dół, c Gully system in Parchatka, d Norowy Dół as a natural hazard ( Fig. 3 ; Table 5 ). The designated sites have the following characteristics, that are significant from the perspective of tourism: (1) short distance from the centre of Kazimierz Dolny; (2) easy access by asphalt road; (3) short length of the trail (about 3-4 km); (4) a wide range of subjects involved; (5) good accessibility of the gullies; and (6) the very high attractiveness to tourists of some of the gullies (Korzeniowy Dół, Kamienny Dół). All the trails (sites) are located in areas of the highest tourist value (Fig. 2) . Gullies offer an opportunity to present a wide range of geological and geomorphological subjects in conjunction with hiking tourism (Fig. 4) . The following key phenomena and processes associated with gullies and gully erosion can be presented, based on the selected geosites: (1) geological structure of the substratum: Quaternary and older; (2) loess characteristics; (3) contemporary geomorphological processes; (4) historical gully erosion; (5) human impact on the formation of gullies (field pattern and road network); and (6) evolution of landscape under anthropogenic pressure (Table 5 ).
The following subjects directly associated with gully erosion can be presented along the proposed trails: a Korzeniowy Dół-Doły Podmularskie (duration of the walk: 2 h): the pace of sunken lane development, modern-day development of gullies, human impact on gully development in prehistoric and historic times; b Chałajowy Dół (duration of the walk: 1.5 h): types of processes modelling the gullies, impact of piping on gully development, morphological effects of piping and erosion, impact of the field pattern on gully development, impact of land morphology on the development of sunken lanes, phases of gully erosion; c Gully system in Parchatka (duration of the walk: about 2-3 h): prehistoric and historic human settlement, development of permanent gullies forming an extremely dense system (more than 20 km/km 2 ), effects of gully erosion on infrastructure, hazards linked with the reactivation of erosion processes (tree felling, excessive growth of tourism and recreation); d Norowy Dół (duration of the walk: about 2 h): soil type mosaic as a result of erosion in loess areas with varied relief, erosion prevention measures and their performance.
It is particularly important to make visitors aware that the formation of gullies is directly linked to human activity. Had it not been for deforestation and the development of agriculture, such a multitude of gullies would not exist. Human activity plays a significant role in the transformation of gullies, in modern times as well: the felling trees in gullies and the cultivation of fields immediately adjoining the gullies can lead to the reactivation of gully erosion processes and negative effects for local people. Alluvial fan at the mouth of a gully S172 Nat Hazards (2015) 79:S159-S181
Discussion
Educational role of geotourism
The problem of using loess landscape for tourism purposes has already been described in literature (Dong et al. 2014; Solarska et al. 2013 ). However, the main issue discussed has been the role of loess as an archive of changes in the environment and loess landscape characteristics. Loess profiles have been the most frequently described geosites. Gullies have been mentioned as an important landform in loess areas, but they have not been regarded as geotourist sites that can serve educational purposes. The development of geotourism occurs primarily within the geoparks and geosites designated there (Serrano and Gonzales-Trueba 2005; Farsani et al. 2014 ); a special role can be played by geomorphosites (Thomas 2012) . The possibilities of using geomorphosites in geomorphology education are presented by Coratza and De Waele (2012) . Taking the example of Italy, they describe sites (landforms) that could be used to raise public awareness of natural hazards. The authors mention processes such as earthquakes, landslides, flash floods, volcanic events, and tsunamis. Databases and Internet portals devoted to natural hazards play a very important role in education (Dunbar 2007) . In Poland, such a key role can be played by the Polish Central Register of Geosites. Although it contains only landforms, not processes or phenomena, it seems that it could be a useful database, on a regional scale (Warowna et al. 2013) .
The results of these surveys clearly reveal an insufficient level of knowledge about the determinants of gully erosion, human impact on the intensity of the process, and the significance of the existence of gullies to humans. In many cases, the respondents were either unable to give an answer or their answers were incorrect. At the same time, more than half of the respondents had visited loess gullies several times. In the case of students, the frequency of visits was high. One cannot rule out that in some cases, respondents' answers reflect perceptions, rather than real knowledge. Additionally, the format of the survey, where the respondents choose from suggested answers, could impact on results pertaining to respondents' knowledge. Knowledge among individuals who had not visited the gullies was considerably more limited than among those who have been there more than three times. In the case of the former, the answer ''I do not know'' was chosen much more often (up to twice as often). The very fact of visiting a gully could have influenced understanding of the processes occurring in it and their interaction with human activity. This indicates the important educational role of visits to gullies.
The tourist and educational value of gullies in the Kazimierz Dolny municipality
In our opinion, gullies in the Kazimierz Dolny municipality are characterised by exceptional natural environment features offering a wide range of uses in geoeducation, tourism and recreation. This follows primarily from the typological diversity of gullies, with regard to their origin, morphological characteristics, and development phases. In the gullies, one can also observe the effects of morphogenetic processes occurring at different times, i.e. in Fig. 4 Loess gullies. a Doły Podmularskie, b Korzeniowy Dół the present, as well as several hundred and even thousands of years ago (Dotterweich et al. 2012) . This, in turn, makes it possible to assess the development rate of erosion processes and landforms, from the temporal perspective. It also enables the correlation of the main gully development phases with characteristics of the economy and stages in the economic development of the region. Gully erosion in the Kazimierz Dolny municipality has always been a serious problem, in terms of its adverse economic impact, particularly on infrastructure. Therefore, one can observe and assess the efficiency of individual erosion prevention measures applied mainly in the sunken lanes of the study area (Gardziel et al. 2006) . The effects of the erosion processes documented by scientists in gullies and their vicinity (often having an extreme character) constitute a valuable source of information on the geohazards associated with gully erosion (Dotterweich et al. 2012; Rodzik et al. 2009 ).
Due to the large diversity of the morphometric characteristics of gullies, particular forms, or their systems, they have features suitable for the development of various forms of soft adventure tourism (hiking, cycling) and recreation (geocaching, ropes courses, fitness trails, Nordic walking trails, sleigh, horse-drawn cart and all-terrain vehicle rides) (Kołodyńska- Gawrysiak et al. 2012; . Currently, the gullies are used for tourism and recreation purposes to a limited extent. Most frequently, they are used for hiking. The tourist traffic is concentrated in just a few gullies located in the immediate vicinity of Kazimierz Dolny.
All-terrain vehicle and quad rides are a popular form of recreation in the gullies. Some of the gullies in the municipality are used for sleigh rides in the winter and horse-drawn cart rides in the summer. Ski slopes with accompanying infrastructure are located in two gullies.
Impact of tourism on gullies
At present, gullies are quite commonly used by people, engaging in active and adventure tourism. In some cases, the uncontrolled development/characteristic of these activities may pose a serious hazard to the gullies. A particular hazard is linked to quad and all-terrain vehicle traffic, which causes damage to the gully sides and floors, and triggers erosion processes, through the degradation of vegetation cover. Current laws do not ensure an efficient protection of gullies against such hazards. Therefore, in the case of particularly valuable areas, it would be advisable to consider establishing nature reserves, i.e. protected areas with higher levels of protection. The fact that some gullies continue to be used as illegal rubbish dumps poses another threat, both to the environment and tourism. Another major difficulty may arise due to the fencing off of gullies and shutting off access to many well known and interesting sites, even in places reached by tourist and walking trails or educational paths. In recent years, numerous measures have been undertaken in the sunken lanes in the Lublin region, in order to protect them against the adverse effects of erosion. These measures are primarily aimed at maintaining the traffic function of the sunken lanes and are based on reinforcing their floors with various materials, mainly openwork concrete slabs. In the context of preventative measures, besides maintaining the passability of sunken lanes, it is also important to preserve their visual value. This requires solutions that will take into account the need for landscape conservation and enable the preservation of the visual and educational value of the gullies.
The educational function of gullies: outlook for the future
Opportunities for the development of geotourism offered by the existence of unique forms of loess relief, particularly gullies, will be a cornerstone of the future Małopolska Vistula Gap Geopark. Gullies account for 15 % of the geosites in the proposed geopark. It is essential to obtain funding for building the required infrastructure and promotion of geotourist features. In our opinion, it can be achieved only by establishing a geopark in the study area. It would also be an opportunity to make tourist traffic more balanced, as it is currently focussed on Kazimierz Dolny and its immediate vicinity. What is important is that geotourism is a form of sustainable tourism with a relatively small negative impact on the environment (Hose 1995; Dowling 2013) .
They are also among the sites with the highest geotourist value (Warowna et al. 2014) . A vast majority of gullies are located in the Kazimierz Dolny municipality, an area with very high tourist traffic (in the order of 1 million people per year) and well-developed tourist infrastructure, with regard to accommodation and catering facilities. What is missing, is the information infrastructure concerning geoheritage, particularly problems related to gully erosion.
The education-related problems presented in this study concern gully erosion in the loess areas, in Poland. It would be advisable to extend similar studies to include other areas, where gullies occur, and to highlight the important educational role that can be played by these geomorphosites. The peculiar geological structure, land relief, and climate conditions, as well as history of agriculture and human settlement, would make it possible to explore the specific determinants of the relationship between human activity and gully erosion. This relationship has been well researched thanks to numerous studies conducted in many European countries: Belgium ; Germany (Dotterweich 2005) ; Poland (Smolska 2007) ; Romania (Ionita 2006) ; Slovakia (Dotterweich et al. 2013) ; Italy (Torri et al. 2013) and Spain (Casalí et al. 1999 ).
Conclusions
• The gullies in the Kazimierz Dolny area have considerable geotourist resources that are not fully used, at present.
• The respondents regard gullies as a tourist attraction and visit them quite often, but their knowledge on gully erosion is not always extensive.
• There is a need to educate the public with regard to gully erosion, particularly the significance of these processes to people. • The most important task is to enhance the educational value of the gullies, by preparing geotourist trails and suitable interpretation boards, that would explain the geomorphological aspects of a particular site, in an accessible way.
• The conflict between making the gullies accessible and protecting them remains a key issue. Intensive tourist traffic, particularly motorised tourists, can pose a major threat to the value of the natural environment.
• It would be advisable to conduct studies assessing the educational values of gullies, in other parts of Europe.
